Background: Chromoblastomycosis (CBM) is a chronic fungal disease. In China, the principle etiologic agent was a group of dematiaceous fungi, including Fonsecaea monophora, Fonsecaea nubica, and Cladophialophora carrionii. Although the Fonsecaea species have similar morphology, their pathogenicity is quite different. This study aims to establish a new solution for early identification of Fonsecaea species because of their distinctive potential infection risk.
Methods:
Five reference strains and 35 clinical isolates from patients with CBM, preserved in our laboratory, were used in this study. The universal primer ITS1 and ITS2
were chosen to amplify the highly conserved regions of rDNA. High-resolution melting (HRM) analysis was performed using the LIGHTCYCLER ® 96 System. All the amplicons were verified by direct sequencing and the sequence were aligned with those in
GenBank by BLAST analysis.
Results:
We successfully differentiated the five strains according to their different Tm values and curve shapes. The 35 clinical isolates from patients were identified as 24 strains for F. monophora and 11 strains for F. nubica, which is consistent with the DNA sequencing results.
Conclusion:
It is the first time to use HRM analysis for identification of Fonsecaea species. Since the CBM etiologic agent in South China is mainly F. monophora and F. nubica, this strategy is sufficient to be applied in the clinical examination with high accuracy, speed, and throughput.
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| INTRODUCTION
Chromoblastomycosis (CBM), 1,2 is a chronic fungal disease caused by a group of dematiaceous fungi. It mainly spreads through traumatic injury, which allows hyphal fragments and conidial forms of the etiologic fungus from the soil, decaying wood, or decomposing vegetation to penetrate into the skin. The lesion is usually restricted to the cutaneous and subcutaneous tissues and remains localized at the primary inoculation site for many years. Due to the facts that the infection is easy to relapse, has a potential association with the growth of epidermoid carcinoma in affected regions and the etiologic fungus can also disseminate to other organs like the central nervous system by hematogenous infection, an early diagnosis is really important for its treatment.
In China, the principle etiologic agent of CBM cases, which were distributed with a higher prevalence in Guangdong and Shandong
Province, includes Fonsecaea monophora, Fonsecaea nubica and Cladophialophora carrionii. 3 Although the Fonsecaea species are similar in morphology, they differ from each other in pathogenicity and resistance profiles to antifungal agents. As a result, a method to rapidly distinguish each Fonsecaea species is in urgent need for clinic use.
As a novel, inexpensive, accurate, and rapid post-PCR technique, highresolution melting (HRM) analysis could be used for genotyping, mutation scanning, and sequence matching. Until now, HRM has been applied to identify several fungi species like dermatophyte species, 4 Candida species, 5, 6 Mucorales species, 7 Cryptococcus species, 8 and to differentiate genotype of Fusarium oxysporum formae speciales. 9 In this study, we aim to establish a new solution for identification of Fonsecaea species.
| MATERIALS AND METHODS
Five reference strains, stored in the fungus medicine research center of Sun yat-sen memorial hospital, Sun yat-sen university, Guangzhou, were selected in this study (Table 1) . They were isolated from clinical specimens in China except for F. pedrosoi (it was obtained from the reference collection of the Centraalbureau voor Schimmelcultures Fungal Biodiversity Centre), and had been confirmed to be corresponding strains through DNA sequencing. Exophiala dermatitidis, causing phaeohyphomycosis, was included as out group. In addition, 35 clinical isolates from patients with CBM, preserved in our laboratory, were used to test the feasibility of this method. All of these strains were inoculated on potato dextrose agar (BD Diagnostic Systems) medium and cultured at 26°C for 2-3 weeks.
DNA of strains was extracted using the Gentra Puregene Yeast/ Bact. Kit (QIAGEN, Germany) and purified using the E.Z.N.A.
MicroElute DNA Clean-Up Kit (OMEGA, D6296). The DNA samples were quantified by a Qubit ® 2.0 Fluorometer (Life Technologies) using a Qubit ™ dsDNA HS Assay Kit and kept at −20°C.
After multiple-sequence alignment by Lasergene MegAlign (Figure 1 ), universal primer ITS1 (TCCGTAGGTGAACCTGCGG) and ITS2
(GCTGCGTTCTTCATCGATGC) were chosen as primers in this study. To estimate the validity of this method, all the amplicons were sent to Sangon Biotech (Shanghai, China) for direct sequencing after which the sequence were aligned with those in GenBank by BLAST analysis.
| RESULTS
Experiments were repeated three times, the representative results are as shown. Table 1 presents the general results, in which the amplicon sizes range from 277 to 286 base pairs. Figure 2 was obtained from the HRM analysis by setting parameters as described in materials and methods section. In the normalized melting peaks of five strains (Figure 2A ), all curves showed two peaks, which were corresponding to the Tm1 and Tm2 values. Taking F. nubica as baseline sample, we got the difference plot profiles ( Figure 2B ), in which the curves were divided into three groups: C. carrionii, E. dermatitidis, and Fonsecaea species. Since the discrimination among the Fonsecaea species was not so remarkable, C. carrionii and E. dermatitidis were ignored and another HRM analysis was performed with the same parameters. As Figure 2C ,D showed, the Fonsecaea species, which contained F. monophora, F. nubica, and F. pedrosoi in this study, was more easily to be distinguished when solely picked out. In this way, these five strains were successfully identified based on their different curve shapes.
The 35 clinical isolates from CBM patients were identified as 24 strains of F. monophora and 11 of strains F. nubica, which is consistent with the DNA sequencing results (Table 2 ).
| DISCUSSION
Up to now, the genus Fonsecaea, which includes four species- the pathogen species as early as possible. Therefore, with the fact that the traditional laboratory examination methods, which are based on the morphology, are time-consuming and unfaithful as well as the classic molecular biology method, which is based on DNA sequencing, is too expensive and technology-dependent to meet the clinical requirements, the HRM method, which is cost-effective, high-throughput, and easy to conduct, has great potential to be used in early diagnosis.
As mentioned above, the Fonsecaea species can be easily distinguished from C. carrionii, which is the main CBM etiologic agent in North China, and E. dermatitidis, which is the etiologic agent of phaeohyphomycosis that has similar clinical symptoms with CBM.
Therefore, it is reasonable to believe this method has a good specificity. In the normalized melting peaks curves ( Considering the CBM etiologic agent in South China is mainly F. monophora 17 (it has three subgroups, but the etiologic agent observed in South China is just one of them, data not published) and F. nubica, this method is sufficient to be applied in the clinical examination with high accuracy. However, a powerful database is needed to support this method despite of so many advantages it has. Also, whether DNA extracted from formalin fixed paraffinembedded (FFPE) tissue section or fresh lesion can meet the need of this new method is still a question needs to be further studied and verified.
In conclusion, this is the first time to use HRM for identification of Fonsecaea species. As this method is able to distinguish F. pedrosoi, F. monophora, and F. nubica from each other, it should be qualified enough for clinical application of early diagnosis.
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